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We identified Entamoeba spp. in 72 chimpanzee faecal samples (79 %) subjected to species-48 specific PCRs for six Entamoeba species/groups (E. histolytica, E. nuttalli, E. dispar, E. 49 moshkovskii, E. coli, and E. polecki ST2) . We recorded three Entamoeba species: E. coli (47 50 %), E. dispar (16 %), E. hartmanni (51 %). Coproscopically we could only distinguish the 51 cysts of complex E. histolytica/dispar/moshkovskii/nuttalli and E. coli. Molecular prevalence 52 of entamoebas was higher than the prevalence based on the coproscopic examination. Our 53 molecular phylogenies showed that sequences of E. dispar and E. coli from Issa chimpanzees 54 are closely related to sequences from humans and other NHP from GenBank. The results 55
showed that wild chimpanzees harbour Entamoeba species similar to those occurring in 56 humans; however, no pathogenic species were detected. Molecular-phylogenetic methods are 57 critical to improve diagnostics of entamoebas in wild NHP and for determining an accurate 58 prevalence of Entamoeba species. 59 Protists represent important model organisms for studying parasite transmission between 75 non-human primates (NHP) and humans, primarily because of high genetic diversity, lower 76 host specificity, and life cycles that facilitate their transmission (Pedersen et al., 2005 ). Yet to 77 date, few studies have been conducted on the molecular diversity of protists in populations of 78 wild African great apes (Petrášová et al., 2011; Sak et al., 2013 Sak et al., , 2014 . Given that humans 79 increasingly encroach upon wild primate habitats (Chapman and Lambert, 2000) , 80
understanding the biology and diversity of potentially zoonotic protists is an important part of 81 One Health approach in conservation medicine (http://www.onehealthinitiative.com). 82
Cysts of the amoebas of the genus Entamoeba are commonly detected in faecal samples 83 of wild NHPs, including chimpanzees, by light microscopy following concentration 84 coproscopic methods (e.g. Ashford et al., 2000; Lilly et al., 2000; Muehlenbein, 2005; 85 F o r P e e r R e v i e w cysts with four nuclei (Kebede et al., 2004; Visser et al., 2006) . Only molecular techniques 90 allow distinguishing commensal species from species with confirmed pathogenicity 91 (Tachibana et al., 2000; Verweij et al., 2001; Stensvold et al., 2010) . Moreover, the 92 distribution of E. histolytica and E. nutalli remains poorly explored, as they are only recently 93 separated from each other and known both from NHP and humans (Tachibana et al., 2007 (Tachibana et al., , 94 2009 (Tachibana et al., , 2015 Levecke et al., 2010 Levecke et al., , 2015 Stensvold et al., 2010) 95 Several studies have used molecular tools for studying of Entamoeba spp. in captive 96 NHP, where both pathogenic Entamoeba species and also commensal ones (E. dispar, E. coli, 97 E. hartmanni, E. moshkovskii or E. polecki ST2) have been documented (Verweij et al., 2003; 98 Tachibana et al., 2009; Levecke et al., 2010; Rivera et al., 2010; Regan et al., 2014 presence of yet undescribed species in their wild counterparts. 104
We carried out a survey on the molecular diversity of Entamoeba spp. in a community of 105 savanna chimpanzees living in the Issa Valley, Ugalla (western Tanzania) with emphasis on 106 species with zoonotic potential. We also focused on species that we assume to naturally occur 107 in chimpanzees. A recent study (Stensvold et al., 2011) 
Coproscopic analyses 140
Thirty-three samples fixed in 4% formaldehyde were used for coproscopic analyses 141 (Supplementary table S1). The standard protocol for detection of Entamoeba cysts was 142 followed and the merthiolate-iodine-formaldehyde concentration (MIFC) technique was used 143 (Blagg et al., 1955) . Two millilitres of sediment suspension was mixed with 5 ml of MIFC 144 solution, 1 ml of Lugol's iodine, and 6 ml of ether in a 15 ml Falcon tube. Subsequently, it 145 was centrifuged at 280g for two minutes, the supernatant was discarded and the residual 146 sediment was examined by light microscopy using × 1,000 magnification. 147
Molecular analyses and sequencing of Entamoeba spp. 148
All faecal samples (n=107) preserved in 96% ethanol were molecularly analysed 149 (Supplementary table S1 ). Two hundred milligrams of each sample was dried overnight at 37 150 °C, and then the total DNA was extracted using the kit PSP® Spin Stool DNA kit (Stratec) 151 following the manufacturer's protocol. First, we the samples positive for Entamoeba were 152 identified using semi-nested PCR, amplifying the conservative part of SSU rRNA gene 153 specific for the Entamoeba genus. PCR conditions are described below, and all primers are 154 summarized in Table 1 . In the first round of this semi-nested PCR, our designed reverse 155 primer, Entam_5 (Table 1) with Entam_1 as a forward one were used. In the second PCR 156 round, published primers, namely forward Entam_1 and reverse Entam_2 were used (for more 157 details see Table 1 ). The size of amplicons was approximately 650 bp. Then, only samples 158 positive for Entamoeba spp. were screened using PCRs specific for six Entamoeba species 159 (based on the part of the SSU rRNA gene): (i) Entamoeba histolytica (size of product: 475 Figure 1 ). All species-specific 163 PCRs were performed separately to prevent the competitive inhibition of Entamoeba spp. 164
DNA. 165
For all PCRs, the published conditions listed in Table 1 were followed, except for the first 166 round of semi-nested PCR: five minutes at 95°C, 35 cycles of one minute at 95°C, 60°C and 167 72°C, and final elongation for 10 minutes at 72°C. For positive controls, isolates from in vitro 168
cultures (E. histolytica, E. dispar, E. moshkovskii, and E. coli) were used, whereas in the case 169 of E. nuttalli an isolate obtained from faeces of a Hamadryas baboon (Papio hamadryas) from 170 a sanctuary for exotic animals was used (AAP, the Netherlands; see Levecke et al., 2010) and 171 an isolate of E. polecki ST1 from faeces of a domestic pig (Sus scrofa domestica) for the E. 172 polecki was used. For sequencing, all amplicons from species-specific PCRs were used and 173 amplicons from the genus-specific PCR; the PCR products were purified using the Qiagen 174 extraction gel kit. Each sample was bi-directionally sequenced (using primers from second 175 round of semi-nested PCR and species specific primers for confirmation) and used for 176 phylogenetic analyses (see below). 177
178

Phylogenetic and statistical analyses 179
A data set consisting of 193 SSU rRNA gene sequences of the genus Entamoeba was 180 created, including the sequences obtained in the present study. The sequences using the Bootstrap support values were generated in RAxML from 1000 pseudoreplicate data sets. 188
Bayesian analysis was carried out using MrBayes 3.2 (Ronquist et al., 2012) any sample. However, 36 samples that were positive for Entamoeba spp. using genus specific 215 primers remained negative in all six protocols of species-specific PCRs. The amplicons were 216 sequenced and BLAST was used to identify similar sequences in GenBank. All sequences 217 obtained were highly similar to Entamoeba hartmanni (98% similarity). Finally, all samples 218 that were positive using the genus-specific PCR were sequenced to prevent misdiagnosis of E. 219
hartmanni. E. hartmanni was documented in 34 samples (34/107; 32%). For details see the 220
Supplementary table S1. 221
The combination of genus-and species/group-specific PCR revealed co-infections of two 222 or three species of entamoebas: E. hartmanni /E. coli (10 samples), E. hartmanni /E. dispar 223
(1 sample), and E. hartmanni /E. coli /E. dispar (1 sample); for details see the Supplementary 224 (Figure 2) , with a few notable exceptions. 239
In the resulting tree, sequence T3403 appeared closely related to E. dispar sequences 240 Z49256 (isolate from a human) and AB282661 (isolate from a rhesus monkey). The third 241
GenBank sequence labelled as E. dispar, EF204917, occupied a different position within 242 E. histolytica/E. nuttalli/E. dispar complex suggesting a possibility that it has been originally 243 misidentified and belongs, in fact, to E. histolytica. To confirm the identity of T3403, the 244 secondary structure of its SSU rRNA gene was examined and two features distinguishing E. 245 dispar from the closely related E. histolytica (including the sequence EF204917) and E. 246 Our phylogenetic analysis showed that the sequence of E. dispar is closely related to 279 isolates from Nepalese rhesus macaques (Macaca mulatta) (AB282661) and from humans We did not include the species-specific PCR for E. hartmanni into our protocol because we 291 did not record the tetra-nucleated cysts typical for E. hartmanni in our previous study (for 292 more details see Kalousová et al., 2014) . Spherical cysts of E. hartmanni are smaller, approx. 293 5-10 µm, while the cysts of E. histolytica-complex are more than 10 µm in diameter (Ash and 294 Orihel, 2007) . However, using genus-specific PCR followed by sequencing, we identified 295 many samples that were positive for E. hartmanni using genus-specific PCR followed by 296 that E. hartmanni is non-pathogenic for chimpanzees similar to E. hartmanni in humans (Sard 307 et al., 2011) . 308
We have demonstrated that wild chimpanzees that do not live in close proximity to a large 309 human population nonetheless harbour several Entamoeba species closely related to those 310 occurring in humans. We found the microscopic detection to be unreliable for diagnostics of 311 amoebas, due to low sensitivity and inability to distinguish between pathogenic and non-312 pathogenic species with similar cyst morphology. In summary, molecular-phylogenetic 313 methods are fundamental for improving diagnostics of Entamoeba spp. in wild NHP and for 314 understanding the epidemiology and zoonotic transmission of these parasites. 
